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(54)    Temperature control system for semiconductor processing facilities 

(57) The present invention generally provides a sys- 
tem for controlling the temperature of multiple compo- 
nents of a semiconductor processing device or fabnea- 
tion facility The system includes a common source (18) 
of a heated or chilled fluid that is distributed to multiple 
process components (16) for use in heating or cooling. 
The multiple process components may be part of the 

same chamber or process, serve different processes in 
the same or different cluster tool, serve a combination 
of stand-alone and cluster tools, or any combination of 
process components (14) located in a common fabrica- 
tion facility. Each process component includes a flow 
control valve (32,34) that controls the temperature of 
each component (14). 
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Description 

The present invention relates to temperature con- 
trol systems for semiconductor processing equipment. 
More particularly, the invention relates to heat transfer 
fluid systems for use in temperature control of various 
semiconductor processing chambers. 

The manufacture of semiconductors can involve a 
variety of unit processes including physical vapor dep- 
osition, metal and dielectric chemical vapor deposition, 
plasma etching, chemical-mechanical polishing and the 
like. Any or all of these units may be located in a single 
fabrication facility. These fabrication facilities include 
clean room facilities in which the various unit processes 
are located in order to reduce particulate contamination 
that can cause detects in the wafer. Because it is expen- 
sive to build and operate clean rooms, only those por- 
tions of the process that are associated directly with the 
wafer are housed in the clean room. Presently, fabrica- 
tion facilities have different levels of clean room environ- 
ments so that the most sensitive processes or proce- 
dures can be carried out in the most clean environments 
and the most insensitive processes or procedures can 
be carried out in less clean environments. In this man- 
ner, the use of the most expensive space is minimized. 

Furthermore, it is generally desirable to minimize 
the use of materials and equipment in the clean room 
that can generate particles and release them into the 
air. Therefore, materials that out gas contaminants or 
generate particles are kept outside of the clean room 
area that houses sensitive processes. Likewise, equip- 
ment that emits byproduct gases, generates particles, 
alters the humidity or suffers occasional spills are kept 
in remote locations outside of clean room areas. 

While each process has distinctive characteristics 
and may require specific accommodations for installa- 
tion and operation, there are some aspects of their op- 
eration that are similar. For example, many semiconduc- 
tor processes are carried out under specific conditions, 
such as temperature and pressure. These temperatures 
and pressures may vary between processes and may 
even vary within the same process over time or accord- 
ing to the particular process recipes being performed. 

Temperature control of processing conditions may 
be used beneficially for many purposes. For example, 
temperature control of the substrate receiving surface 
of a support member can enhance uniformity and dep- 
osition rale on the substrate. Temperature control of the 
processing apparatus side walls can also enhance such 
processing by reducing undesirable condensation of 
chemical vapors on the chamber walls. Cooling of wa- 
fers following certain warm deposition processes 
speeds the solidification of the deposited materials prior 
to additional processing and reduces out gassing of un- 
desirable and often corrosive gases when the wafer is 
removed from the cluster tool. 

In those applications, such as temperature control 
of chamber walls, where a heat transfer fluid may be 

used to heat or cool a processing unit or chamber com- 
ponent, the fluid is circulated through a heat exchanger 
which is controlled to deliver the fluid at the temperature 
desired of the chamber component. For example, if a 

s given substrate is to be processed in a manner that calls 
for a chamber wall temperature of 150°C, the heat ex- 
changer provides sufficient heat to the circulating fluid 
so that the fluid temperature leaving the heat exchanger 
is about 150°C. The setpoint temperature of the ex- 
changer output may be increased to account for an av- 
erage temperature drop through the tubing and cham- 
ber wall. However, this type of adjustment does not allow 
the temperature of the chamber wall to be maintained 
under changing thermal loads associated with substrate 
processing. Separate, dedicated heat exchangers have 
been required to provide for independent fluid temper- 
atures at different processing units. 

A strong need exists for a system that can control 
the temperature of semiconductor processing cham- 
bers despite changes in the thermal loads associated 
with substrate processing. There is also a need for a 
temperature control system that involves fewer parts 
and can rapidly and effectively change the surface tem- 
perature of a process element. The system should pos- 
sess the ability to reduce thermal losses and thermal 
lag. It would also be desirable if the system provided 
independent control for each process component. 

The present invention provides a semiconductor 
fabrication system that comprises a heat exchanger, a 
manifold in fluid communication with the heat exchang- 
er, a plurality of fluid passages in parallel fluid commu- 
nication with the manifold wherein each fluid passage 
has a flow control valve, and a plurality of process com- 
ponents in thermal communication with one of the fluid 
passages. The manifold may comprise a pump, supply 
line, return line and a pressure control member in fluid 
communication between the supply line and the return 
line. Each flow control valve may include a temperature 
controller to control the temperature of the process com- 
ponent. It is preferred that the system include a central 
process controller in electronic communication with the 
temperature controllers to provide a setpoint to each 
temperature controller. 

The invention also provides a semiconductor fabri- 
cation system that comprises a first source of a heat 
transfer fluid, a plurality of fluid passages in parallel fluid 
communication with the first source wherein each fluid 
passage has a flow control valve, and a plurality of proc- 
ess components in thermal communication with one of 
the fluid passages. The heat transfer fluid may be sup- 
plied at either a temperature that is less than the lowest 
temperature required by the process components or a 
temperature that is greater than the highest temperature 
required by any of the process components and has the 
capacity to support multiple process chamber elements. 
Optionally, the system may further comprise a second 
source of a heat transfer fluid, a plurality of fluid passag- 
es in parallel fluid communication with the second 
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source wherein each fluid passage has a flow contro 
valve and a plurality of process components in thermal 
communication with one of the fluid passages. The first 
and second sources may be in fluid communication with 
the same or different plurality of fluid passages. In some 
applications it will be desirable to have the second 
source of a heat transfer fluid supplied at lower temper- 
ature than the first source. 

The invention also provides a method of controlling 
the temperature of multiple processing components. 
The method comprises providing a heat transfer fluid to 
a manifold and controlling the flow of the heat transfer 
fluid to the individual processing components. It may be 
desirable to maintain a continuous flow of the heat trans- 
fer fluid through the manifold. The continuous flow may 
be accomplished by controlling the pressure in the man- 

' ° So that the manner in which the above recited fea- 
tures and advantages of the present invention are at- 
tained can be understood in detail, a more particular de- 
scription of the invention, briefly summarized above, 
may be had by reference to the embodiments there- 
ofwhich are illustrated in the appended drawings. It is to 
be noted, however, that the appended drawings illus- 
trate only typical embodiments of this invention and arc 
therefore not to be considered limiting of its scope, for 
the invention may admit to other equally effective em- 
bodiments. 

Figure 1 is a schematic diagram of a temperature 
control system using a manifold for distribution of a heat 
transfer fluid to the components of multiple processes. 

Figure 2 is a schematic diagram of a temperature 
control system using a manifold for distribution of a heat 
transfer fluid to multiple process components of a single 
process. 

Figure 3 is a schematic diagram of a temperature 
control system using two manifolds for distribution of 
heat transfer fluids at different temperatures to multiple 
components of multiple processes. 

The present invention generally provides a system 
for controlling the temperature of multiple components 
or devices of semiconductor processing equipment. The 
system includes a source of a heated or chilled fluid that 
is distributed to multiple process components for use in 
heating or cooling of those components. The multiple 
process components may be part of the same chamber 
or process unit, serve different process units in the same 
or different cluster tool, serve a combination of stand- 
alone process units and cluster tools, or any combina- 
tion of process components located in a common fabri- 
cation facility. Each process component includes a flow 
control valve that controls the temperature of each com- 
ponent. 

In one aspect of the invention, a source of a heat 
transfer fluid is heated or chilled by a heat exchanger 
and distributed to individual process components 
through a header or manifold. It is preferred that the heat 
transfer fluid be continuously circulated through a sup- 

ply line and a return line of the manifold in order to main- 
tain the fluid at a substantially constant temperature 
throughout the supply line. It is also prelerred that the 
manifold include a pressure control member, such as a 

5   flow control valve to maintain a higher pressure in the 
supply line than that of the return line to facilitate flow 
through each process component. Each process com- 
ponent draws fluid from the supply line and includes a 
control valve to adjust the flow of fluid back to the return 

10   line The control valve may be operated to maintain a 
setpoint temperature in the process component itself or 
some other component, typically in contact with the 
process component. A thermocouple or other tempera- 
ture sensing device provides an electronic signal that is 

is  compared with a setpoint temperature to determine the 
flow through the valve. 

In another aspect of the invention, each individual 
process component may have a separate, local temper- 
ature controller that operates the control valve. Typical- 

20   |y the local temperature controllers will also be in elec- 
tronic communication with a process controller or com- 
puter that will provide a setpoint to each of the local tem- 
perature controllers as necessary to accomplish various 
process recipes. 

25        In yet another aspect of the invention, multiple 
sources of heat transfer fluid may be provided at differ- 
ent temperatures to serve different process compo- 
nents. For example, a first source of hot fluid may be 
used to heat certain components, while a second source 

30  of chilled fluid may be used to cool other components. 
Alternatively, first and second sources of hot or chilled 
fluid may be provided at different temperatures to heat 
or cool different components having substantially differ- 
ent setpoint temperatures. 

35        Although the present invention would be beneficial 
to virtually every semiconductor process, the need for 
more consistent and accurate temperature control be- 
comes ever more important as wafer size increases and 
circuit density increases. Improved temperature control 

40   plays an important role in improving process uniformity 
and consistency as well as reducing device delects. 

Figure 1 is a schematic diagram of a temperature 
control system 10 using a manifold 12 for distribution of 
a heat transfer fluid to process components 14 of mul- 

45  tiple processes 16. The manifold 12 is generally com- 
prised of a heat transfer fluid source 18, a fluid supply 
line 20 and a fluid return line 22. The diagram shows a 
prelerred implementation in which the fluid source 18 is 
a heat exchanger or chiller of any desirable type, such 

so   as a shell-and-tube, double-pipe and the like, that ex- 
changes heat with another fluid supply 24. The preferred 
implementation also includes a pressure control device 
27 which allows a continuous flow of fluid through the 
manifold 12 from the supply line 20 to the return line 22 

ss   while maintaining a pressure differential between the 
two lines 20 and 22. Having a higher pressure in the 
supply line 20 than in the return line 22 provides the mo- 
tive forces necessary to push the fluid through the proc- 
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ess component 14. 
The process components 14 are in parallel, fluid 

communication with the manifold 12. Each process 
component 14 includes an inlet line 26? a fluid passage 
28 through the component 14t an outlet line 30 and a 
control valve 32. The process component 14 can be any 
part of a semiconductor processing device or utility that 
benefits from heating or cooling, including, but not lim- 
ited to, the support member or pedestal, process cham- 
ber walls, remote plasma sources and cooldown cham- 
bers. It should also be recognized that the process 16 
can be any type of semiconductor process that benefits 
from heating or cooling, including, but not limited to, 
physical vapor deposition, metal and dielectric chemical 
vapor deposition, chemical-mechanical polishing, plas- 
ma etching and the like. 

The flow control valves 32 are preferably operated 
by local temperature controllers 34. The controllers 34 
monitor the electronic signals coming from temperature 
sensors 36 that are disposed in thermal communication 
with the associated process components 14. The tem- 
perature indicated by each temperature sensor 36 is 
compared with a setpoint temperature that is provided 
as an electronic signal to the temperature controller 34 
by a process controller or computer 38. When the actual 
temperature measured by the sensor 36 is different than 
the setpoint temperature, then an electronic signal is 
sent to increase or decrease the opening through the 
control valve 32. For example, assume that the heat ex- 
changer 18 provides a heated fluid to the supply line 20 
at a rough temperature greater than the setpoint tem- 
peratures for either process component 14 at point 36. 
If the component temperature is below the setpoint, the 
valve 32 is further opened to increase the flow of heated 
fluid therethrough. When the component temperature is 
above the setpoint, the valve 32 is closed slightly to de- 
crease the flow of heated fluid therethrough. The tem- 
perature controller can be tuned in accordance with pro- 
portional-integral-derivative (PID) or other types of con- 
trol logic to provide steady control of the temperature 
and allow for changes in the setpoint temperature. 

By providing a continuous recycle of fluid through 
the manifold, the heated or chilled fluid is immediately 
available to any process component at the rough tem- 
perature. The transportation lag experienced using ded- 
icated heat exchangers is eliminated and each process 
component can be inexpensively controlled using a sim- 
ple local temperature controller. 

Figure 2 is a schematic diagram of a temperature 
control system 40 using a manifold 12 for distribution of 
a heat transfer fluid to multiple process components 14 
of a single process unit 16. The system 40 functions in 
tho same manner as that described in relation to Figure 
1, but provides individual component temperature con- 
trol even within a single process unit. Therefore, it is pos- 
sible to simultaneously heat and cool separate compo- 
nents or heat (chill) separate components to different 
setpoint temperatures. 

Figure 3 is a schematic diagram of a temperature 
control system 50 using two man if olds 12 and 52 for dis- 
tribution ol heat transfer fluids at different temperatures 
to multiple components of multiple process units. In par- 

5 ticular, a second manifold 52 operates in a similar fash- 
ion as the manifold 12, except that the fluid is supplied 
at a different temperature, and includes a fluid source 
or heat exchanger 54, a supply line 56, a return line 58 
and a pressure control device 60. The second manifold 
52 is shown in fluid communication with the process 
components 62 via fluid inlet lines 64 and fluid outlet 
lines 66. The control valves 68 are preferably positioned 
in the outlet lines 66 and controlled by bcal temperature 
controllers 70. Note that both temperature controllers 34 
and 70 may receive their setpoints from the same proc- 
ess controller 38. 

It is also possible, as shown with component 72, to 
provide the option of using the fluid of either manifold 
12 or 52. This may be accomplished in numerous ways, 
but is shown here as including a three-way valve 74 at- 
tached to the inlet and outlet lines 26 and 30. The valves 
74 are also controlled by the process controller 38. 

While the foregoing is directed to the preferred em- 
bodiment of the present invention, other and further em- 
bodiments of the invention may be devised without de- 
parting from the basic scope thereof. The scope of the 
invention is determined by the claims which follow 

1. A semiconductor fabrication system, comprising: 

a heat exchanger; 
35 a manifold in fluid communication with the heat 

exchanger; 
a plurality of fluid passages in parallel, fluid 
communication with the manifold, each fluid 
passage having a flow control valve; and 

40 a plurality of process components, each proc- 
ess component in thermal communication with 
one of the fluid passages. 

2. The system of claim 1, wherein the manifold com- 
45        prises a supply line and a return line. 

3. The system of claim 2, further comprising a pres- 
sure control member in fluid communication be- 
tween the supply line and the return line. 

so 
4. The system of any of claims 1 to 3, further compris- 

ing a pump in fluid communication with the mani- 
fold. 

55   5.   The system of any ol claims 1 to 4, wherein each 
process component has a temperature sensor. 

6.   The system of claim 5, wherein each flow control 
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valve is operated to control the temperature ol the 
process component. 

7. The system of claim 6, wherein each flow control 
valve has a temperature controller. 

8. The system of claim 7. further comprising a central 
process controller in electronic communication with 
the temperature controllers. 

9. The system of claim 8, wherein the central process 
controller provides a setpoint to each temperature 
controller. 

10. The system of any of claims 1 to 9, wherein the plu- 
rality ot process components are coupled to a com- 
mon chamber. 

11. The system of any of claims 1 to 10. wherein the 
plurality of process components are coupled lo dil- 
ferent cluster tools. 

12. The system of any of claims 1 to 11, wherein the 
heat exchanger cools a fluid to a temperature that 
is loss than the lowest temperature required by the 
process components. 

13. The system of any of claims 1 to 12, wherein the 
heat exchanger heats a fluid to a temperature that 
is greater than the highest temperature required by 
any of the process components. 

14. A semiconductor fabrication system, comprising: 

a first source of a heat transfer fluid; 
a plurality of fluid passages in parallel, fluid 
communication with the first source, each fluid 
passage having a flow control valve; and 
a plurality of process components, each proc- 
ess component in thermal communication with 
one of the fluid passages. 

15. The system of claim 14, wherein the heat transfer 
fluid is supplied at a temperature that is less than 
the lowest temperature required by the process 
components. 

16. The system of claim 14, wherein the heat transfer 
fluid is supplied at a temperature that is greater than 
the highest temperature required by any of the proc- 
ess components. 

17. The system of any of claims 14 to 16, further com- 
prising: 

a second source of a heat transfer fluid; 
a plurality of fluid passages in parallel, fluid 
communication with the second source, each 

fluid passage having a flow control valve; and 
a plurality of process components, each proc- 
ess component in thermal communication with 
one of the fluid passages. 

5 
18. The system of claim 17, wherein the first and sec- 

ond sources are in fluid communication with the 
same plurality of fluid passages. 

10 19. The system of claim 17, wherein the first and sec- 
ond sources are in fluid communication with a dif- 
ferent plurality of fluid passages. 

20. The system of any of claims 17 to 19, wherein the 
is        second source of a heat transfer fluid is supplied at 

lower temperature than the first source. 

21. A method of controlling the temperature of multiple 
processing components, comprising the steps of: 

20 
providing a heat transfer fluid to a manifold; and 
flow controlling the heat transfer fluid to the in- 
dividual processing components. 

2S 22. The method of claim 21, further comprising the step 
of maintaining a continuous flow of the heat transfer 
fluid through the manifold. 

23. The method of claim 22, further comprising the step 
30        of controlling the pressure in the manifold. 
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